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, Pt -Mn , Pt (04) "Cr (?nA) - 

Mn i^rytfy) , Ni (n»y^r;i/) -Mn , ir (>fys?*A) 

-Mn . NiO (tHfe-***) , Fe 2 Og 

[0 0 7 0] 

CHx&flBttttJCWU Ag '(«) , Cu (i) , Au (4), Al (7/U 



1 8 
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m 

„ Mg (7^^"?^) , Si (i/V3» , B i (tfXTX) , T 

a (#y*jv) , b (jffn» , c (&iit) , o (M) , n (M) , p d ( 

AC9 5?tfA) , Pt (fijfe) , Zr (y/I/=2r.?A) , I r (>f U , W 

, Mo (^U^r» . Nb , B (7}fn» &if<Z> 

[0 0 7 1] 
[0 0 7 2] 

«fcyjM*»tCli, «ttJ»fe-*fiIK:ia#"r6*a5fcUT, Co (Co-Fe) 
/Ru /Co (Co-Fe) , Co (Co-Fe) /Ir (>f 

Uy^A) /Co (Co-Fe), Co (Co-Fe) /Os 
/Co (Co-Fe) , Co (Co-Fe) /Re /Co (Co- 

Fe) &£<D3Mmm&mmmzm<t®MMt.i;. se>tc, ztuzmmvxs&i 

tl^^KC, Fe-Mn, Pt-Mn, Pt-Cr-Mn, Ni-Mn, I r -M 
n, NiO, F e 2 O 3 &££M^3££frT*£5„ i©#3t«:MV^* M 

fryfc«ft#B*3*l*. «ffc®«*^ (stray field) 

a 

[0 0 7 3] 

BftflBM (7'J-I) ©#»fcUTfc, «ftH*M4:ra«»c, 
, Fe (#) , Co (nA;i/h) , Ni (n*/>r;t/) £ fciidtl <b ©-^hk^, * 
£>#ffi$S<Z>*£^V? , **>f K Cr0 2 , RXMnQ 3 _ y (r^T'RM 
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±m. XiiCa (ikjfti/V&) , Ba (;t»J9A) , Sr Uhn>f^A) © 
^fftfr&SM*) fcifCDIMfctt, NiMnSb {-v >T )\j - -?yfty 

• , ptMnSb ■ -?>%y • yy+^y) *M>f77-t 

[0 0 7 4] 

g$«T'feU, 0. 4 nm^^SlW^ L\\ 
[0 0 7 5] 

mmmmzi&^&M®LMlZl*MRtf±% <^§Co-Fe, Co-Fe-Ni, 
Fe'J >y^N i — F e ZR^mBmil&LT^^ft^ffl&nmz&N i U y^N i 
-Fe, Ni'JyfNi-Fe - C o & if tMR < * £ , 

, Cu , Au (£) , Al (7;i/3-*20 , Ru ^f-^A) , Os 

(^J-X-^A) , Re , Si (^'J3» , Bi (kfXVX) , T 

a ($y*)V) , B (7}fn>) , C (SJIR) > Pd (A°^?iO , Pt 

), zr , i p (>f y , w (^nf» > Mo ( 

[0 0 7 6] 

m<mmm^^x%, r*ie>*tt#tc, a s c«) , cu urn , au 

) , Al , Ru (^/f-fA) , Os CfrX — tfiO , Re ( 
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a (,:,,*) , b c*n» . c (K») • ° «* A) , w 

«*• ******* 

10 0 7 71 «*BUx&*Hrlc, SMtH***** 



(Dim* 

n» . A1 2 0 3 «*T**-*«- • 

10 0 801 CVD8 ^-W« VD8K 



2 1 



^20 0 3-3 0 2 8 1 4 1 



*j#2 002-286463 
, 2 0 0 ^4 0 0^^«a (post-annealmg 

^>-C. >- i. 

[0 0 8 3] 

c *"jtj^ ^ife i fffil l ) 

TE OSaeUa-Etox,-0rt h o-snicate)^ 9 X^«U S10,«M 

* c . @5 (b) «M6oa*t«Bi«>««« 



2 2 
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£&-2>JKJ?2 0 nmCDAU 7^*^/52, Ne 80 Fe 20 & * S RJP 3 0 
amM|5 3, Tafr&4*BWl 0nm©#«ttf54, Ni 8Q Fe 2 
0 &*»fe3fe&KJ|[3 0 nm©^'f£«5 5, T afr&&£Kff2 0 nm©AUT* 

[0 0 8 5] 

-£©^> 05 (c) JCaV**«fc3JC, «it«^/ty4fS*fet*««l«bo^j£S:ffi 
V^T, 81 5 1 &«*tfCufr&fc*K*#Hlll6 0-r««)jitf. 
[0 0 8 6] 

#ClC, fAtJCMP (Chemical Mechanical Pol ishing)}££mv^, iil5 
0 £"7*, Btfttf&K 6 0 , AU7^*^5 6, 1HI5 5, MM 

5 4, iftI5 3, A''J7^^;V5 2$:^t§3i:ICj:*J> 2S3-**ii© 
116 0 a ZBf&irz (0 5 ( d ) #$0 , 
[0 0 8 7] 

[0 0 8 8] 

AA-MlCttTa, ±ffl$««JCti, Ta/Cu/TafcJS^fc. 3&«tt£Jf©JSK4»tt, M 

Ta (5nm) / 1 r-Mn ( lOnm) /Co-Fe (3nm) /Ru ( lnm) /Co-Fe (3nm) /A 1 Ox (2nm) /N i -Fe (3nm) /T 
a (5nm) /Cu (50nm) /Ta ( 1 Onm) 

£TMRfjt^©gEit£fc£^<i£t5tt£fc#>, S i N # 6 &Z>±mmMm0)mm 
5:2 0 nmfcU 3-* fcTMR*-f ©ffilifejtt^Wfc^i(S« 1 CD««^ ^ U -fe 

[0 0 8 9] 

±faH»JKCfeV>"C, ^'(4 M 5 3 £ 1/ T N e 8 Q Fe 2 Q Onm 
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#«tt*54fcbTTaNfel0nnu ttttff 5 5 £ bX C o 7 0 . 5 Fe 4 
Si B 10 $:3 0nmi:bfc»^©m^ ; EVi2;V$:^bfc o Tfc 

f- tftti^. JtWJltt. TSBB» s K*30nm<Z)Ne 80 Fe 20 *b& 

) #ID „ *C. H6 (b) CStMC a»R5 0«tfi5 1 8 Sf.C 
J „j MW 57£ltTaNS20nm. 8SttS 5 8 t LT N e 8 „ F e 2 0 

stttm^T »5i*«*«cu«.6a«mwrtW«oif«»at». *k. 

«|AtfCMP(Che.ical Mechanical PolUhingmfcfl^T. a!*«£5 0*<®ffl 

« st «i«'J. a«a-»Wi«WM <>•**«•* (■« (*) * 
180 o 

2 4 ffifE#2 003-3028141 
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Jfc«09 1 ©^'K* 5 8 N e 80 Fe 2(J HCo 70i 5 Fe 4. 5 S 

i 15 B 1 0 lc*iLfe#*i:asoTv%6. 

[0 0 9 4] 

£ J3 V * 1 l6J:T$2<D&o fc#JS 3 - * Jt*T * >f 

[0 0 9 5] 

(HWJ2) 

T, ±BP®e^ (*i**^*K:fev^Ttd:Kli6K:«S) ©##2M3-*k:*« 

[0 0 9 6] 

t"f, TMRl? fcTa/Cu/TafrbfcSTWS!* (Ha**"*') ±K 

[0 0 9 7] 

fESgbfcTMRiHW 
Ta(5n«)/Cu(30n»)/Ta(5nm)/Ir-Mn(10nm)/Co-Fe(3nm)/Ru(lnm)/Co-Fe(3nm)/AlOx( 
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2nm) /N i -Fe (3nm) /Ta (5nm) 
[0 0 9 8] 

±#B5|»i:*s*T i/Al-Cu/T i3^6«s&KIK#»JK6 1, TaNfr 
e>&£BIJ?2 0 nm<3D^Ur^*;i/6 2, N e g 1 F e 1 g 2>m=> £ 3 0 n 
mffllttl6 3, T a ^P>«!SK)1 1 0 n m®^lKttI 6 4 , Ni 81 Fe 19 
**e>JB:S&JS3 0 nm©^'ffiJf 6 5, M o j&* & <fc * KJ* 2 0 nm©A'J7^^ 
6 6&;*/ty*&&Mv*JH&*li«r*<S. S & JC^ U T * 6 6±}CS i0 2 * 
*>fc£JKJS 15 0 nm(DX'yf>m^6 7 £i|^"t3 0 
[0 0 9 9] 



LXm^fcR I E^©;^->ICjlIIU i>yf>m^ 6 7a 
Sr^-tS (0 8 (b) #JB0 = 
[0 10 0] 

m^X. MS (c) (C^t"J;^{C> l»;f>m^6 7aSffiV^, ±Jf© 
[0101] 

$ 0 8 (d) tC^-T J: 5 TaN^^d:5lJ?2 0nm©;tiJ 

7^^68,.Ne 81 Fe 1 9 #e>fcSIRJS3 0nm©ittl6 9. Ta^fe 
fcSBSffl 0 nm©#ifil7 0, N i g x F e ± g *^«sSJRJS3 0 nm(D$& 
ffi!7 1, T a^e»&SJRJ?2 0 n m(D A V # ;i/ 7 2 fcXAy #i££^T 

[0 10 2] 
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[0 10 3] 

-^V^fcM^bfeo ZltlttS i O 2 i!)^4S7X) 6 7 a©X>y^>^ly- bit 
[0 10 4] 

±fEHM!!2{C;i3V^, MJi6 5,7 1 Sr^tl^tlN e 8 1 ^ e 1 9 
^e>Co g7 Nb 5 Zr 8 \zm.7L%> £ t. fC#^'|$Jg 64, 7 0feTafr&Ta 

, MU165, 7 1 t3J:t>*#affiS6 4, 7 0(D#«O^^M^oTVn^ o 
[0 10 5] 

*«M£*lfc$m*^V i^£m&U ^4%^ftitifMl &£t>*ifcgS:M2£:L 
f&;bl3, itmmUt, TMW30nmONe 81 Fe 19 A^^ 
£MiJi-»S£*U Jt«#l2fcJ:, T^PSBIi^^3 0 nm©Co g 7 Nb 5 Z 

1, 2(C^VNTtt, TMRit^-_tg|5<Z>T ag|£:3-?(C3 0 nmtt'ifio'mi) 

[0 10 6] 

yymROrt^V*cV>mffil*. h:/n-^£M^TMRftiii£$!j5£U Mft 

M^fV^-f ^^>^S#d H c £J;tf;f7ir y hg^dH 0 f f (Z)A^^^r 

H c ^j:r;t7t'yM#dH of f ©2a©i5:^t 0 a te^MiS^ 

m$fr^ftfrZ>&Ol^ HWJ2BJ:t>*W^J(Z)j:e){C-M3-^«5t 

£ m v% t=.m^\t. ftmm 1 & £ tf&mm 2 © £ e> a - ? ^©^icit^ 
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[0 10 7] 

(MMW3) 

mmm 3 iz & z * * u -t ju mn v h u * ^ u -t ^ -e * o 

MflsM5:> mi 0 &#^bT^HBi-^ 0 a i o &r ©*#«icj: z±mmm®m 

[0 10 8] 
[0109] 

T, 010 (a) iC^-Ti^lC T i /A 1 -C u/T i ^ & £ SBi?J5 WfSI 7 5 
, TaN^^^Hf2 0nmfflA'Jr^^I/7 6, Ne 8 1 Fe 1 9^^^ 
0 nm(Dm^.M7 7. T a^f,Mfl 0 nm©#»ffijg7 8, Ne g 
1 Fe j g ^e>J&SJgJS3 0 nmtf)^'f4Ji7 9, T a*^*SJBIJ¥2 0 nm(DA 

ICS i 0 2 ^&fe5i»;f>m^8 1 & 1 5 0 n mit^f S (010 (a 
) #M) c 

[0 110] 

r^CtC, S i 0 2 ^f>!ai5i»;f>m^*J8 1 &^«CHF 3 £:n>y^> 
LTJg^fcR I ET?M^©^*->tCinXL, 8 1a 

(01 0 (b) . 

[0111] 

MvnT, 010 (c) lC^fJ:e>{C, x-yf>^7X^8 1 a&M^t, ±Jf 
tot, T)l3>. &m*m^fcR I ET*ii^lC^J:bS:^ATxy^>^$:fTofe 

o 

[0 112] 
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S^tC-eolfe, 010 (d) IZ^^oiZ, T aNfrbteZmm 2 0 nm(DA 
UT*#;i/8 2, Ne 81 Fe 19 )l)^«:5lJ|3 0nmCDittl8 3, Tafr 
<D&£Jg|J|£2 Onm0/t'jr^^8 4 * Ay V>THi^*iaf 
[0113] 

;i/8 2 ^"ex>y^>^^-r§^j\ HT'X^f^^MiifA r 

*xy^>^- F£-f S^i:"?, <«SHCte01 0 (e) , (f ) , ( 

g) ic^-t&oK. ^JHas-exy^^^stife^©^, {WMfiPJcMSt-rs. t 

fcfc>*>, 010 (e) ICfcV^M:, 010 (d) K.m-t±M<DrtV7*2fl/8 4 
KnmmZtlTWMffl<DAVT*#}l8 4 a 010 (f) 

rtt, 010 (e) izmir±m(Dm&m8 3&mmm*:Mi^T^v*y>fztiT 
, 010 (g) tc&vM:t±> 010 (f) icmi-i:«©Ay r*#;i/8 2 2>Mi^ 

IS fc^VNTX V ^ > ^3 tlT ZKDX^y ^> X U 7* # ;i/^tiSCDA U 

7^^/i/8 2 a t^l> 0 -£<Z)#t X>yf >^^8 1 aS^U 3 

[0114] 

liTa)!)^WA'J7^;i/ (#$Bt£tiO 8 4, 8 4 a b T^jg $ tlf=. 2 M 
©a'f4ii8 3, 8 3 afriD&S 2 Ma- ^^©BBM^^f 3HSgM3<»^* 

[0 115] 

^<Z)H5£M3 fC£V^, ^SJS8 3, 8 3 acWHSrN e^Fe^MF 
e g Q Cu x Z r 7 B 2 IZM%.Z> £ H&IZAV 7 * $ Jl> 8 4, 8 4 

a <Z)#5C £ T a P> T a N \zm.X tc *><D &9£&MK <fc =E U "fe^ £ f 5„ 
•r^t)*>, ^1M3 il^Mi:«^ttJi8 3, 8 3 a fe <fc JS 8 4 , 84 

a0)^SC<Z>##M&oTVN5 o 
[0 116] 
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Lfc a tmWUZ. T%mmt>mm3 0 nm<Z)N e 8 x F e ± 

«55itIttgStl, it*fl2tt, TffiBM^IKJ? 3 0 n m© F e g Q C u 1 

JtfcMl, 2tCfcVxTWu TMRi^±i©TaIil3-^t:3 0nmiT'fid 

[0 117] 

^tma&^f^^-r ^y^>^#d H c &it>*:t7-fey hi#dH Q f f <DA=y 
^^P^tbfc. ^©MM^^BIl l (c^f o 01 llZm-tWmiZX4 v?-y 
WdH c fei^7t-)/ hi#dH Q f f ©2 aCOffi^m-to ate 
^M§^£^-f 0 01 l *^^^<5=ke) JC, Hl«3 ££tf»M<£><fce>icz:m 

a - * £ ^ v a frm&it. imw i & i tfttmrn 2<d&o a - * «5g© 
i§-& (c it ^ t x >r ? y vm^ ©y^^^i^m^i^ ^# <d a =?v* # t 

[0118] 

mi 2(c^t-j:e>ic, ±m<i£®& i mt u mmzw & 2 miz-t 

[0 119] 

T»tffefllS:Hl 3 &#iltiit5„ 
[0120] 

m2iz^-tm2mmmm<Dm^(D^o^ 2 mic? L&mmiz 
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[0121] 

9 0c, M'KJf9 0d, 33J:tfAyT^^;i/9 0e*^&52l3-^9 0t 

©«!»J8l±lC§l^ffiOS«3 0 Sr^^So ^LT36D5l#mbS@_h{CTMR 
I?2 5:Mt^. MVMT, £(&TMR3fe^2 &3fc»JHtfJ:5lC#H;U*S i O z 
A^J&Stt»BI^*rS. TMRi^2ilS«MS[C, Ta^^ 

Z>mW-l 0 nm©A'Jr^^9 3a, Ni gl Fe 1 g ^e>J&SJKJ?3 0 n m 
0>BH8ttJi9 3 b, T a^e>^5JgJ?l 0 nm©*lttl9 3 c, Ni gl Fe 
x 9 ^&ft5lJ|3 0 nm©8l8fii9 3 d, fiiOfTa^fj^Ijf 1 0 n m 
©AU 7* #;i/*9 3 e #)R&5R»3*lfc 213-^ 9 3 A, 9 3 B &7&j£*t<5 
„ 2l3-^9 3AltT»i*2 4M©3-fTf»»J, 2 13 - ? 9 3 B &±gp 
BBil»6 Jg©3-*T?&.5 0 
[0 12 2] 

«U AU7*#;i/9 6a, 8|«ttl9 6b, *«ttS9 6c, iltf9 6d, 
A''J7^^;i/9 6 e^^S2l3-^ 9 6 tlfe±fiPBB«l 6 &^J*U, 

n mm 4 © * ^ u ir ;i/ * %m t . 

[0 12 3] 

^tf)||»j4 tCfeV^, 213-^93A, 9 3 B fett/ft^SttttttJI 9 3 d 
©tSJCo g7 Nb 5 Zr 8 i:U &m&M9 3 c ©#*t&T a N 4: 

[0124] 

Jfcl&CDfc&lC, <£>_tfS2M3-? 9 3 A,- 93B^, Ni 81 

Fe 1 Q-frb&zmms 0 nm©*i®3-i' £ Lfc^JlC;* ^ U iz;i/£-it$iM 1 
£U Co 87 Nb 5 Zr 8 ?!)^«:Slf 3 0 n m<Z>#Ji<Z> 3-*H £ Lfc«B*C 



3 1 
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VnT. TMRi?2©±iil2l3-^9 3A, 9 3 B ^©gglttt 3 0 n 
[0 12 5] 

±fHII»J4 t>*^©^M^^tMC itmmi. 2 fc^tl^ftl 0 

> ^Itra$:^fV^^-r>y^>^a#d H c aJ:^7-fe>y bi#dH Q f f (DA 
77^$:iilfe 0 r©^M*5:il4tC^t 0 0 1 4 &C^1-ffcM«*-f 
>»dH c &&T$*7-£y Ml^dH Q f f 0)2 a ©'ffifc^-f „ 3 It, a 

* & ffi v^ jfc«c«f i & 4: zfitmm 2(D£o&mm=i-'? 

WmomiS tetter * jy^y ^#<Z> A <yV*&&X$Jf7Mv v mn<DA ^ V 
[0 12 6] 

#ac, ^^{ci^a^^^U^T-^r^^^^^^M^Eii 5BM01 8 
[0 12 7] 

01 5«, i^^E'jCD^l CD^McDT-^r^^^-V^^t-^HT^So 
[0 12 8] 
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STB, S TwC£ U^*l€*ljllRbTi2>xy>:/S A (C J: *J SSfeSr^ 
ffi1"^o #£&^B#Klte, ^ttU Bl$(DTMRi|^CC^£nTV^tf 

[0 12 9] 

o 

[0 13 0] 

#ClC, i^^U©7-^r^ft©f 2(DM«5:, HI 1 6 £#M UTI&BJ! 
[0131] 

[0 13 2] 
[0133] 

TMR1H^\CD##&#1±, ^*mU/#^ji*M^*^ MHBLwtC##&<2* 
[0134] 
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# 

[0 13 5] 

ffiLcD^lc^^-^Sr^b^-BrS, VNfc^^> n£WR»ffiLj ICONS'* 5. 
[0 13 6] 

, d<z)ii3t©TMR^s:ffiv^si&#{ctt, samJSfc^t^fqj^fa^b. 

fc£»J, £1iM <&&tt:£fa£il#ffi-rz:£:#T*££c fibz: (Delete, IB-US 
[0 13 7] 
[0 13 8] 

©TMR^C^dfc^IlCjgjttStl, 3*l£TMR|J|^C(Z)fffi33&lCtt, -etl-?*i^ 
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[0 13 9] 

^iici'J, ft ^t^§5 0 
[0 14 0] 

[0141] 

ace m%*=tv(DT-*T>7*v(Dm4<DM t fom*:. mi szmmLxmm 

[0 14 2] 

*«y- KL^bTTMRi^CfCiiStl, TMR^CCDiCTtCttS^ii* 

KMlWLfc &gf l 7©*5gJ: y %S55c$*S Z. £ #T*£ S. 
IT, «7- K1W L ^ fflf § ii^Ii ^ TM Rif {C^f L t J: U 

[0143] 

*&mzmmzmm u mm&gjmznz r £#t*£s %<D%*&m<Di&miz& 

[0 14 4] 
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[0 14 5] 

& s v * ttis&&£$gft tc o v * t *> mm izmm u r ^(0^ & # £ ^ t # r £ s 

o 

[0 14 6] 

o 

[0 14 7] 
[0®<DM#^^B^] 

[Hi] 
[02] 
[03] 
[04] 
[05] 

0. 

[06] 

Jt««lcJ:<&lK** i ey -fe;KZ)TaPBfiilK©SS3tXSS:^-rxSWTffi0o 

[07] 
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[08] 

Ho 

[0 9] 

£Jt«2CJ:Stt«*^y*^©»*&S& , 8 , *"*B- 
[010] 

So 

[011] 

H»J3 tC«J:S^^ i EU'fe^/<Z)^S:3iW't«BI- 
[012] 

[013] 

[014] 

[01 5] 

=E y © T - # ^ ^ 1 JMfcM Sr^-TH. 
[01 6] 

[01 7] 

[018] 

[019] 

2 tti*^**** 

3 7 mil#2 003-3028141 



4 tiffirf^y 

5 Wgtfvf 

6 mm (±&mm 

7 3-? (^jg 3 _/7) 

8 2fH-^ 
8 a %$ttJg 
8 b 

8 c 3»&Ji 
10 1ft 

l 2 

1 6 2fi3-# 
1 6 a ^Sttif 

1 e b im&m 
1 6 c m&'&m 

22 2fi3-# 

2 2a Mffijf 

22b mmm 

2 2c &$&J? 

2 3 3-? (#13-^) 

2 4 (TSfBMO 

3 0 

3 1 mm??? 

32 mm??? 

40 mmh^yyx& 

4 1 y-x- KU>f> 

4 3 
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[02] 

IB 
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[08] 
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(d) 



(e) 
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